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Electron-microscoplc examimition of freeze-dried scluticns of
alkylpolyethylene oxides and other deteigents,

by M. Kehren and M. Roegcn.

Translated from: Melliand Textilberichte, 37: 680-685 (1956).

Introduction.

Wo fully realize that the work leading to the publication of this
paper represents a new departure, and for this reason we do not censider
our test results to be the final clarification of the complicated, ex-
ceedingly difficult problems invoived,; but we submit them for goncral
discussgion. It is possible that the quostions related to our subject
have been treated elsewhere, so that the furthar development of reaearch
is served by an exchange of ideas even when opinions diverge.

a) Basic considerations. The field of detergent colloids has
alwayes been marked by great interest in the peculiarities of concentra-~
tional variability in agqueous solution. The formation of micelles is
involved here, occurring in active colloid electrolytes already in the
range of greater dilutions in the form of a conversion from an ionogenic
or molecular-disperse state to certain aggregatioral or orderly states;
the latter probably owe their inception to the attractile forces between
the hydrophobiec fractions of the bipolar structure of the detergent
molecule and the interrelation of the water molecules among themselves,
which due to their dipolar character try to displace the hydrophobic
molecular fractions from the solution with progressively rising concentra-
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According to existing concepts cf the washing process, a certain
amount of significance has been attached to micelle formation, since they
may be considered first of all as '“recruitment reservoirs! for the ralease
of surfaceactive molecules to the limiting surfaces fiber/dirt, fiber/
wash solution, and dirt/wash solution; in addition, they ars called
"econcentration points" of electric charge due to accumulation of ions
into electronegative force fields, which are stronger than that of the
individual molecules., Finally, the micelles are credited with the capa-
bllity of harboring dirt particles of both cily and solid nature and thus
of offering 4 decisive contribution tc the formation of stabdle dirt
emulsions or suspensions, in contrast to the individual detergent molecule,
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Finally, no ultimate decislon ia permissible regarding the direct
nood for micelles in the washing procees, Preston's (1) descriptions seem
to indicate that he attributes the washing action to the individual deter-
gent ion, This concept certainly is not altogether correct. Preaton says
himself that cg, the critical concentration of micells formition, coincides
with the critical concentration of the washing action. 1In the summary he
gtates verbatim: ''The colloid formition starts, and washing action and
surface activity reach their maximum, at the concentration at which
additional suppliezs of detergent either do not dissclve (at lower tempera-
tures) or dissolve to form colloids (at higher temperatures), so that a
further rise in the concentration of long-chain ions in the solution is
impossible." This means that a real washing activity exists only in the
rznge of micelie formatic

The methods for the demonstration of micelle formition aie numerous
and predominantly physical. Preston has shown schematically that ths
washing action, the csmotic pressure and high frequency conductivity reach
their optimum in the range of the critical concentration, that the density
curve and equivalent conductivity show a sharp bend at cy, and that surface
tension as well as limiting surface tension reach their minimum at cg.

Long before Preston, the same concept was treated in more detail by means
of an identical sketch by Hess, Philippoff and Kiessig (2).

Moreover, the ultramicroscope permits abservation of colloidal
narticles, though not in their true shaps, but by inference from the light
scattered due to their presence.

We were stimulated thereby to find a method that would make micelles
or superior aggregates of actl re substances visible and possibly would
permit fixation in the origins! stets ot solution. At first glance the
electron microscope seems Lo be suited for this work due to its analytic
powers in the range applicable t& micelles, tut certain difficulties are
found upon closer scrutiny that oppose its use for the desired purpose.
Thus, the examination of aqueous solutions is contra-iudicated by the
simple fact that the electron stream requires a hilgh vacuum, in which the
solvent would evaporate. Tnis point alone apparently presents a basic,
insurmountable cobstacle to the extension of electron microscopy to the
examination of aguecus sciuticns, The problem takss on a nopsless
character when the solutions represent concentration-variablse systems,
subject to one or several changes in the sclutional state in dependsence
on the concentration. Such systeus exist in the case of active detergent
colloids, and this is probably the reason why intensive attempts at
electron-optical examination of such colloidal systems are lacking (with
a few exceptions to be discussed lat 3,

First, gqucstions were raised regarding the fixation of solutional
states of detergent colloids, with the stipulation that they were to be
testable by electron-microscopic means. The nltramicroscopic investiga-
tion with its goal of fixation of colloidal micelles alsc had the purposs
of establishing the three-dimensional structvure of the colloidal foruw,
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Even in the ncgative case, inferences ought to be possible from a
single projoction, i.e. a smooth drop of lamellar or spherical micelle
aggregates (8ee references ir chapter b), onto the pictoral plane of the
slide. In the most unfavorable event, fragments of the oripinal structure
would still be extant, depending cn the technique of preporation. Thia
alone would already represent a certain step forward,

b) Literature on the micelle formation in solutions of detergent
substances,

This is not the place for an extensive perspective on the relevant
literature from the past 40 years; it can at best serve as an introduction
to the work to be discussed, in a demonstrative or registering manner.

McBain probably was the first to offer reasons for the micelle
hypothesis. 1In order to cxplain the results of osmotic and conductivity
measurements, he assuued the existence of different types of micelles,

The results obtained by the classification of the components of a soapy
solution according to the various wolecular states over a great concentra-

tional range were expressed by McBain by means of a socalled "condition
diagram" of tne soapy solution. He claims the existence of the diasociated
single molecule, the undissociated single molecule, the icnic micelle and
the neutral colleid, depending on tha solution’s concentration,

Hartley (3), on the other hand, defends the view that the assumption
of a single type of micelle in spherical form suffices. The sphere's shell
is occupied by ionized gecups of surface-active molecules, the interior of
the spherical micelles could contain paraffin chains (i.e., the hydrophobic

molecular ends) in loose order, The opposing ions are partly held to the
ionized spherical surface of the micells, partly free in solution.

The work of Hess, Kiessig and Philippoff (4) as well as Stauff (5)
indicated on the basis of numerous roentgenographic investigations the
existence of the socalled Hess micelle or, according to Stauff (5), the
large micelle with a lamellar structure.
Hartley's spherical mi

It cannot be identificd with
celle {wnich belengs to the small micelles), and
Philippoff (4) concluded from his measurements of viscosity that the
mi.celles are not spherical, but consist of bimolecular lamellae in the
form of hexagonal panes or blocks,

While roentgen interferences occur only when the presence of identity
periods in (liquid) crystals is mnifold, Harkins and his coworkers (6)
found 4 rosntgen maximum in scapy solutlions that is claimed to correspond
to the micellar interval M, i.e. the bimolecular molecular double layer in
the micelle. According to the authors, M is quite independent from the
concentration —-- claimed also bty Hartley for his spherical micelle ——-
and, in the opinion of these Americans, correspond to the Hess micelle or
Philippoff's model. However, Hartly (7) also explained this roentgsn
maximum in terms of bis spherical micelle, if the latter shows &

& spherical
structure with the greatesi density hexagonally.
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It cannot be decided yot, which of these micellar types is the
correct ons., Stauff (8), whe has furnished a thorough perspective on the
status of contemporary knowledge concerning marginal surface-active sub-
atances, indicates that Hartley's spherical model ig better sulted to the
golubilization, for instance, of hydrocarbons in the micelles, whereas the
enlargemont of the lateral intervals of paraffin chains uron addition of
electrolyte observed by Harkins ¢t al. is more easily explalued by the
lamellary model.

The divergent opinions prevalent for a time among the individual
research groups, cuncoriiing the form and seec of 2i~a1l 5 O Geecigont
substances in aqueous solutions, may have had their orlgin in the insuffi-
cient congsideration of concentrational conditions during the various
measurements. McBain dealt primarily with soap, and his different associa-
tional and aggregational conditions were related to concentrations cf at
least 0.1 n. If the molecular weight of soap is asgsumed to be 250 on the
average, McBain worked with solutions of 2,5 percent by weight and higher.
However, numerous examinations of the changes in physical properties of
detergent solutions indlcate that cg, the cvitical concentration of micslle
formation, is located in the range of m 107 (soap) to m 10™% (Ae0 sub-
stances), depending on the substance. Har'. ey had treated this concentra-
tional range and above, i.e. the range of “trongly diluted solutions, while
Hess et al. used concentrations in thelr roentgen investigatlons that
amounted to 20 to 30-fold magnitudes of cg.

Based on measurements of scattered light in connection with a cation
active substance, Debye and Anacker {3) observed the occurrence of rod-
shaped particles, described by them as long cylinders.

Finelly, Orthner (10) expounds a new cnncept of a spherical micelle
composed of several bimolecular shells, which consolidates Hartley's
concept with the principle of Hess, but fails to substantiate its structure
in detail. Still, it is concelvable that the soap molecules have a quasi-
paraliel position in the apherical shell model, provided the radius of the
micclle is sufficiently large in relatlon to the length of a single
molecule or the thickness of a spherical shel'; the layers would thereby
assume a lamellar character and would produce correspending roeantgen
interforonccs.

Ekwall (11) proceeds from the well-known fact that substances capable
of forming micelles act like ordinary l.l-value electrolytes in highly
diluted solutions, and that radical changes take place in the solution's
properties with inecreasing concentrations., He then comes to the conclusion
that the assumption solely of a coitical concenviavion, above which wicellae
formation commences, is inadequats for the explanation of the observed
discontinuous changes of the saturation concentrations of added substances,
di ssociailon constants, degree of hydrolysis, activity, the osmotic co-
efficients, the equivalent conductivity and the sudden appearance cf
roentgen interferences. Observations of cholates, laurates, caprates and



oleates have led to the recoguition of three characteristic concentrations
of varying distinctiveness, which lead to structural changes in the
solutions, interpreted by Ekwall as the foimation of double “z-

., the
smill micelles and the large mieslles. The properties of the dissolved

gubstances within we individual concentrational stages are highly constant.

In closing this chapter, the micellar models discussed here fleetingly
shall be reproduced more clearly in Sketceh I after a compilation by Kling
{(iZ), irciudi.ig the “spiaerical shell micellc" cfter Orthnar (0),




¢) Literature dealing with the electron mleroscepic lavastigation
of soaps and soap-like products.

Elactron-optical studies < *he crystal structure of ordinary
goaps and their concentrated solutions have already been pursued.

Thus, Marton, McBain and Vold (13) examined 5.6 % wt. alkaline
solutiona of aodium laurate gel and demonstrated that this substance con-
sists of a nunber of fibrils formed by thin ribbons with a diameter
approximating the miltipies of two scap molecule lengtha,

In addition, Hattiargdi and Swerdlow (14) found during ultramicroscopic
studies of dlkall wuape (pure oubiion2cs) ~nd thairp mdvtures that srene oy
pe differentiated and characterized electron-optically acecording to the
chain length of the hydruphohic molecular fraction and according to the
soap cation, simiiarly to trade products of unkcown compesition. Still,
judging from the published 1llustrations, the criticism of Kling and Mahl
{15) 18 justified when they peint out that basically no positive differences
are recognizable between the tested soaps.

In the United States, dispersions of 1lithium soaps n oils have
recently acquired lncreasing significance as lubricants, since thay are
disrersive in tiae various mineral oils, petroleum and synthetic oils, in
contrast to most other soaps. Moreover, lithium soap oil dispersions are
said to produce lubricants with better resistance againat water, they have
higher melting points than the greasea made with calclum or aluminum scaps,
making them suitable for aircraft engine greases, etc. Hotton and Birdsail
(16) therefeore studied these lithium soaps in oily dispersion under the
electron microscope and found at 8,000-fold magnification that the lithium
g1 lts of saturated fatty acids form loug "micelles," whercas the corres-~
pording salts of unsaturated fatty acids produce round, cruder aggregates.

Chwalow (17) recently studied soaps of Ha-butyrate to Na-stearate
dried from 0.02 & aqueous solutions and discovered that they conaisted
primarily of ribbon-like fibers which in the case of high-molecular soaps
are arranged in rings., The maximal width of the fibers narrows with in-
creasing molecnlar weight of the scaps; his Lascs his findings on fairly
oxtensive theoretical considerations about the cohesion of the fatty acid
chains. He resorts to the findings of Marton, McBain and Vold for the
confirmation of the correlation of the densities cf bimolecular lamellae,
but he does not state expressly that these authors studied a sodium laurate
gel from a solution with a considerably higher percentage.

Kling and Mahl (12) were probably the first to make an electron
m}croscopic picture of a synthetic detergent prepared from a vacuumr-dried
solution, sodium-~dodecyl sulfate, (in addition to the fibrillar network
of svap gel mentioned above), in the hope that the preparatory technique
used would somehow preserve the original micelles as structural slements
and possibly would make them visible. In contrast to the fibrillar net-
work of the scap; the fatty alcohvlic sulfate predominantly reveals
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supgrimpoged liyers of platoleus; howaver, they also noted that structures
otner than those indicated could occur in detergents, apparently in co-
existence according to tie preparatory conditions -(during the drying nf tha
sclution). The latter rosult miy be confirmed un the basis of persoul
Leats with alr-dried asolutions of soaps, anion active synthetde deterjents
48 well as non-ionvgenic alkylpolyethylene uxides, carried out, compirative-
ly with solutiona prepared by freeze drying; toat resulty will be published
elsewhere.

1f Ekwall's (11) discoveries are considcered, namely, that different ok
miy appear in the solutions of soap-like substances, all of which ought to
cauge it change in the solution's structure, then the acgumticn Lut residues
of micollea can be toand in afrv-drl g cyluliony, presucably does nat quite
conforn te the rcilities,

Kling and Mahl (15) racently published vhuit i. probably the beat
illustrated investigution of Na-geapu. They examined air-dvied aqueous
and alcoholic solutions of the scap in relation to the concentration and
obtained lamelliform crystals. disferent for each homologue, frou diluted
agquevus solutions; al higher concentratlons they invariably found tendencies
to ligamentous fibrils, partly with additional depusils.

"3 only yielded fibrils that appeared to have considerable morpho-
logical variations. The structurea are changeable also ii relation to pH,
Thelr criticism of Hattiangdl and Swerdlow's findings were confirmed by
their own studies. OUnly amylalcoholic soap gels yielded certaln differences
betwecen the various entities, which were insufficient, however, for ana-
1ytical purposes. This result was also confirmed by personal tests.

d} Literature on preparatory techniques for electrcn microscopic
investigations of solutions, other than air drying.

It was poinked out at the close of chapter a) that the preperative
tfixation ct micelles from ague<us golutions wust try to preserve the three-
diiensional structure of the colleidal aystem.

Unfortunately, attempts to preserve thc three-dlwensional structure
of objects fcr the purpose of electron-optical studies have been pursued
almogt exclusively in the medical-biological field; the various preparatory
methods are reported predominantly by Americans,

Thus, for instance, Amderson (18) has developed the “critical point
tvechnique," based on the circumstance thit a liquid heated to its critical
temperature under pressure, is converted directly to the gaseous state.
The object is placed in a shell filled with liquid C0p at 25°C. Heat iz
applied past the critical temperature (31.°C) to 35°C. The object is now
situated in compressed, gaseous U0z, which iy slowly evacuated through a
valve, This mothod is said to yleld objects in an excellent state of
preservation, but must be eliminated from our esnsiderations, since it




usrg orginic solventn in the preparition of the objocts and resorts Lo
c.rion dioxide as the final fluid prior to stuedy, and thereforse cannot be
compared to agqueous solutions.

In 1946, Wyckoftf (1Y) deseribed a method of freeze-drying electron-
microgcoplc prepardiions, in which relatively Yarge frozen drops of 1iquid
are exposed to a vacuum on a pre-cooled inetil block in the mtal vaporiza-
tion device, anti L the solvent is mbHmtbed qodl the bloek with the oljeet
hais wareed ta room tempecatnee,  The camples are thea subjecled Lo vaporizo-
tion and exwuined in the usual menner.

The value of Lhis freeze—drying method is questioned by williams (20),
since in his opinion the obhject corrier hae fntdeguite contiact with the
covled bloek to insure sufficient thermal exchange; furtherwcre, the
drops are clalmd to be so large tint they cannot be ceoled intensely
enough, lle recently developed a new freeze drying method thit sprays
minute liguid drops on a metal surrace inside an intensely cooled glasasg
tube (Liguid air), causing them Lo sclidily in aboul 102 see. Lublina-
tien of the solventi in vamio, waming to above room temperature to prevent
condensation of atmospheric moisture seem *~ havae been solved elegantly,
Williams has also improved the spray method deacribed by him and Backus
in & sepirate paper (21), and has modified it so that the soluiioral drops
solidify in flipit Ledore they hiv Lhe mctal support. wWilliauss ldwseld
lists as a disadvant.age of the litter method the faclh thal the -ate of
freezing is lower here than in spraying the liquid onto the covled metal
surface, Upm relatively tow valocity suraying tiie drops roceive an
electric charge wiich they impart to the metal carrier upon contact, by
which the drops ure subjecited to un electrostati. recoil. Here a2 nractical
placemnt of the cbject miteriul on the object cirrier is accomplishec by
a metallic spray cevice conuecied with the object carrier (i.e. the inetal
block) by a metallic ocnductor. This "grounding® is not sequired; however,
when high velocity spraying is employed; but the latt.r may be used only in
connection with ovbjects thit are not destroyed by the hurling effect.

Alvheugh it is extraordinarily elegant in the technique of trereze
drying, Williams' method has the disadvantage thit the objects nust be
proper, This manipulation must be considered a questionable operation
when applied to detergent micelles.

Williams has used the freeze drying m.thod developed by him with
excellent results, e.g. for elsctivn-opti-el determination of the
structure of Na-desoxyribonucleate with 4 0.01 ¥ solution of this sub-
stance (22); ip addition, for fixing ths spatial organization of red
blood corpuscles (20), as well as in the study of bacteriophages (23).
The cminently successful pictures shown by Williams in comparison to
pictures of identical air-dried objects attest to the favorable prescr-
vation of the spatial structure by the employment of the freeze drying
method.
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e ,;;;L.xfu:;éilz, CeUtHLvider and Bluvrs {4y, in thele tnorough,
setrbive stwnlos of electron miercsenpic cell analysis after freeze
Lying, .lxb ithe digappuinting discovery thut crystalline ice leads to
frapaertation of the eeliular plasma, the nucleus, and to the displace-
certain Yine structures, thus failing to insure thne crapor
5 .".“f T shructares.  They negate, on the basis of their
SEPS DU P PRV IS tion thut rapid freezing to -180°C produces
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studer {26, on wWie other hand, defends the view that chenges in the
Stravture oY biologicsal waterial may be avoided during freeze drying.
Sphrerieal cuseln particles of milk, for instance, are preserved. In the
case of lnorgaric colloids, however, he corcludes that strong aggregates
develop Li systems with isolated inoividual particles (e.g. arsenic
sulfide) during the sublimation of ice. again, it is claimed that tne
original spongy structure of gels may be maintained (1ime paste).
Vanadinepentoxide sol with its thread-like particles offers a transition
Letween 5ol and pel, depending on the concentration.

¢) vesuription of the apparatus for freeze drying for the precent
study and the conditions of testing.

Lfter a study of the existing papers, an attempt was made
inivialiy to consolidate the freeze drying methods of Wyckoff and Williams
in one apparatus. OSketch 2 depicts this initial freeze drying device. A
glass bell d is avtached hermetically by means of a threaded ring ¢ and
vubber washer e to a hollow, cylindrical, nickel-plated copper stand a
with dish b, having a depression for the placement of electron microscopic
object diaphragms (and the thermometer bulb)., The glass bell has a greound
opeing at its apex for the thermometer £, which penetrates into a bore
fole in the center of the copper mount & filled with vacuum grease, for
reasons of vetier cortact with the stand. The glass bell d also has a
luteral tube attachment with about 10 mm clearance, with glass stopcock g
and 4 ground ball-and-gocket joint h leading to cooling trap i.

Reproduced From
Best Available Copy




The procedure uzed with this apparatuz ia as follows: The subctance
solutions produced in the measuring flask with twice distilled water in
concentrations of 1072, 1072 or 10%% malar ware allowed to stand overnight
and used the next day, 4 sample was takon from each solution with glaas
tubes extended to fine capillaries, a drop of solution wes formed cn the
tip of the capillary by gentle blowlug and carafully deposited on tha
object diaphragm, Next, “he diaphragma egulpped with the solution were
placed on the ccpper mount, precocled with liquid air, the glass bell was
set in place and fastened with the threaded ring, the thermometer wiun in-
gserted, the cooling trap was counccted (the latter also dipped in liquida
air), while the coolant wis now vemoved from the copper stand, and
gvacvation by means of an oil pump commencsd simullaneously. Ag soon &s
the ice was sublimated and the temperciure had risen to absve 074, the
copper stand was hLeated with warm water until t{he temperature at the
copper dish indicated about £-8° above »oom temperature. Btopcock g was
now closed, the whole apparatus disconnected from the ccoling trap end
gir wag carefully adimdtied in the immediate proximlity ef the microscope,
the glass bell was removed and the diaphragms were imredialely placed
into the exsiccator or fed into the microscope.

The freeze drying device doscrited here shows certain disadvantages.
Depending on the ohjeci diaphragm's centrct with the cooled copper stand,
the solutions froze after about 3/4 to 14 scconds, visible to the naked
eyc, noscivly &n excesslvely siosu rate of freesing.

During the cooling of the coppsr wount and also between the place-
ment of the object diaphragms and the setiing of the glass pell, condens~d
atmospherlc muisiure was deposited both on the dlsh and on the diapiragns
containing the solutions, so that ral~tively large amcunts of ice had to
Le drawn off by the pump, A blank tesy with an objoct diaphragm carrying
only atmespheric wmolsiure showed, however, that this diaphregu was
electron-optically empty aftsr freoze drying.

In eddiwion, vhe vacuwi~tignt connection of th> glanss bsll with the
copper dish presented some difficultiea, since the ubber wazsnor had
completely lost its elasticity at thc cooling temperature of =8C to -100°C.
Neverthelegy, 4 few test series succeeded with this device, vefore con~
airuction of a second apparatus wap startoed, chown schematically i
Sketch 3. It represents a modification of Williams' devices and shall
also be descrived briefly.

A glass tuhe a containsg a coppor carrier b, connected to the former
by high vacuum grease fur reasons of preater thermal conductivity; it is
equipped with a iire ¢ for withdrawal and insertion. The glass tube his
a ground lip at its upper end; on which the tube cover with & corresponu-
ing fit d is placed., The tube cover is equipped with symmetrically
arranged ground sleeves [, through which microbursttes n are admitted
for the placament of solutional dropa onto the object diaparagms localed
on the copper carrier b. A fifth ground sleeve h in the center of the
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tube cover aserves foir the insertion of the cold thermcmeter i. the end
of which fits into tha bors hole g of the copper carrier. Her¢ again,
thermal transfer is established with hign vacuum grease placed in the
bore hole, The glass tubs has, in its upper pertion, a lateral tube
connection with glass stopcock k and bsll-and-socket joint 1 for the
comieclion to the cooling trap m, through which the device is connected

to the rotaiing oil pump and the Hg diffusion pump; evacuation was in two
stages and high vacnum was produced,

In addition to th. possibility of placing drops of solution on the
object diaphragms, the :liernitive was explored of spraying the solution
in finely disseminmited form with & glass sprayer o, the conatruction of
which is shown in Sketch 2., It wasg activated with a manual bellows, 5-6
thruosts were given during each spreying. It is obvious that not all
droplets impinged directily on the diaphragm or the copper carrier. The
result was an atmosphcro of atomized droplets, which partially filled the
tube ard only gradually settled on the copper carrier or the walls of the
tube. This produces the disadvantage that the object diaphragms do not
only contain instantanecusly frozen droplets, but alsc thoss irn various
stages of solidification, which indicates that microscopy would also deal

with differcnt struccures from slowly crystallizing substance to rapidl
frozcn drops.

Williams (20) has specified an approximate relation for the determi-
nation of the rate of freezing:

d

in which C is the thermal conductivity of watsr (0.0013 at 0°C), A the

drop surface, d the drop diamster and &\ T the Lewperature difference
between the uppermost and Jowest drop zons.

The drop volume of 2:1072 ml for the drying of drops from a micro-
burette yields a freezing tims of aboui 3:10-L 5eC, assuming a spherical
si'lage of the drop and T = 150°C (copper carrier -135°C, atmosphere
#15°C); thus it is only 2 or 3 times &s long as that obtained by place~
merd freezing in the first freezing device. The advantage here consists
in the circumstance that the drop was able to extend over the entire
diaphragn and thus mede direct contact with the copper carrier, leading
to * freezing time of about 10~1 sec in the case of drop freezing.

In spray-drying with the glass sprayer o, the drop reeiduss on the
diaphragms were estimted under the microscope to have an avarage diameter
of 30 nicrons (10 to 50 microns). This droplet diametor, inecluded in tke
above calwlation, yielded a freezing rate of about 103" sec, Although
the diaphragms were in contact with the copper carrier via a very thin
coat of high vacuum grease, it is likely that the drops impinged on the
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poorly conducting carrier foils, which necessitates the deduction of one
decimal power for reasons of safety, lsaving a freezing rate of 1072 gec
for spray-drying.

Thus, three methods were used in freeze drying with two devices,
yielding the following crudely calculated freezing irates:

a) "Placement drying," abau‘%, 1 sec.
b) "Drep drying," about 107+ sec.
c) "Spray drying," about 107< sec.

The procedure for b) and ¢} with the second device is best described
by means of the following divided steps:

1. Insertion of the copper carric., with object diaphragms in the
glass tube;

2, slignt heating of the tube's bottom by submersion in warm water
for the purpose of softening the hign vacuum grease and obtaining a seal
between the copper carrier and the glass tube;

3. placement of the cover with inserted thermometer and ground
stoppers (initially in place of the burettes or the sprayer);

L. cooling of the glass tube's bottom by submersion in liquid air
up to the upper margin of the copper carrier; ccoling progresses to
about ~140°C;

5. transfer of liquid air cooling from the tube to the cooling trap;

6. exchange of the ground stoppsrs in the cover fo- microbureties
and immediate release of a sclutional dicp, followed ! iediate removal
of the burettes and closure of the tube cover by mear .. ground stoppers;

7. open stopcock between tube and cooling trap «nc evacuate the
apparatus to 104 Torr (diff, pump). Evacuate until the temperature in
the glass tube has risen to room temperature;

8. heat the tube in vacuo up to slightly above room temperature by
insertion in warm water, to prevent the settlement of atmospheric moisture
on the objects during subsequent admission of air;

9. separation of the tube from the cooling trap with clesed glass
stopcock. Now admit air carefully, open the apparatus and remcve the
copper carrier.

Vaguum and smblimaticn of the ice were confrolled with & high
frequency vacuum tester; it was better than 107 Torr (no luminous
phencmenon). At the start of sublimation, normally observed at about
-40°C, a grogn fluorescence appeared, becoming strong at the apex of ice
pumping (10™% Torr). As goon as all of the ice had been removed, th~
vacuum &gain became better than 1077 Torr, and fluorescence disappe. ‘ed.

Some moisture settled on the copper carrier due to the opening of
the ground sleeves f for the placemant of microburettes or ths glass
sprayer, and the air initially present in the apparatus, but this was
considerably less than that incurred in the placement method with the
first device.




